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Abstract

Aims
Anemia in heart failure (HF) is associated with a poor prognosis. Although inflamma-
tion is assumed to be an important cause of anemia the association between anemia and 
inflammatory markers in patients with HF has not been well established.

Methods
We used data from a multicenter randomized clinical trial in which patients were el-
igible if > 18 years and admitted for HF (NYHA II-IV). In a subset of 326 patients, he-
moglobin, hematocrit, high sensitive C-Reactive Protein (hsCRP), Interleukin-(IL) 6, 
soluble Tumour Necrosis Factor Receptor (sTNFR)-1, and Erythropoietin (Epo), were 
measured at discharge and the primary endpoint was all-cause mortality. Follow up 
was 18 months. 

Results
Anemia (Hb < 13 g/dL (men) and < 12 g/dL (women)) was present in 40% (130/326) 
of the study population. Median levels of IL-6, hsCRP and sTNFR-1 were significant-
ly higher in anemic patients compared to non-anemic patients. Logistic regression 
demonstrated that each increase of hsCRP values (odds ratio 1.58 per SD log hsCRP; 
95%CI: 1.09-2.29; p=0.016) and each increase of sTNFR-1 values (odds ratio 1.62 per SD 
log sTNFR-1; 95%CI: 1.24-2.11; p<0.001) were independently associated with anemia. 
Erythropoietin (EPO) (HR 1.31 per log EPO; 95%CI: 1.01-1.69; p=0.041) and sTNFR-1 
(HR 1.47 per log sTNFR-1; 95%CI: 1.16-1.86; p=0.001) levels were independently associ-
ated with outcome. 

Conclusion
Anemia is present in 40% of patients hospitalized for heart failure and is independently 
associated with inflammation. 
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Introduction
Anemia is a frequent co-morbidity in patients with heart failure (HF) and its presence is 
associated with an impaired prognosis.1 Recent studies have shown that causes for ane-
mia in HF are multifactorial.1-6 Several mechanisms may contribute to lower hemoglo-
bin (Hb) levels7, such as an inadequate production of erythropoietin (Epo) due to chron-
ic kidney failure2, 8, haematinic abnormalities9, use of medication10 and bone marrow 
dysfunction11. Elevated levels of cytokines may also play a role in the anemia observed 
in patients with HF.12 It has been shown that cytokines have a damaging effect on Epo 
producing cells in the kidney, thereby causing a reduction of the renal secretion of Epo 
and as a consequence, an inadequate Epo response for the degree of anemia.13,,14 Indeed, 
experimental studies showed that cytokines impair hematopoiesis in CHF following 
myocardial infarction.15 In addition, cytokines directly affect bone marrow function, by 
impairing proliferation and differentiation of erythroid precursor cells.16, 17 
Inflammation has already been proposed as an important cause of anemia in HF.4, 18, 19. It 
has been demonstrated that inflammatory cytokines have a significant prognostic value 
in patients with HF.20-22 However, only few studies have looked into the association be-
tween different pro-inflammatory cytokines and its effect on anemia in HF. Therefore, 
we used a well defined cohort of HF patients and studied the association between anae-
mia, EPO levels and several inflammatory cytokines.  

Methods
Patient Selection
The COACH (the Coordinating study evaluating Outcomes of Advising and Counsel-
ing in HF) study was a multicenter, randomized nurse-led trial to evaluate the effect of 
two interventions (basic support vs. intensive support) compared with care as usual in 
HF patients. Background, rationale and results of the COACH trial (NCT98675639) are 
published elsewhere.23,24 Patients were eligible for trial inclusion if they were at least 18 
years of age, had a hospital admission for HF (New York Heart Association class II-IV), 
and had evidence of structural underlying heart disease. Participants were random-
ized during hospitalization for HF. The primary outcome was a composite endpoint 
of hospitalization for HF or all cause mortality. A total of 1023 patients were included 
in COACH and were followed for up to 18 months. Additional blood samples were 
collected at baseline (hospital discharge) for measurement of Epo and cytokine levels. 
The 326 patients included in this substudy had levels of inflammatory factors and he-
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moglobin available at baseline. Patients did not belong to a specific intervention group. 
This study complies with the Declaration of Helsinki, local medical ethics committees 
approved the study, and all patients provided written informed consent.  

Laboratory assessments
The abbreviated Modification of Diet in Renal Disease equation was used to estimate 
the glomerular filtration rate (eGFR).25 Anemia was defined according to the World 
Health Organization (WHO) criteria as a hemoglobin level < 13.0 g/dL in men and a 
hemoglobin level < 12.0 g/dL in women.26 Plasma Epo levels were measured using the 
IMMULITE EPO assay (Diagnostic Products Corporation, Los Angeles, California).27 

Plasma cytokine assays 
Blood samples were drawn and EDTA plasma was immediately stored at -80º Celcius 
until analysis was be performed. Levels of Interleukin (IL)-6, soluble tumour necrosis 
factor receptor 1 (sTNFR-1), and high sensitive C-Reactive Protein (hsCRP) were mea-
sured in plasma samples using SearchLight® Proteome Arrays (Aushon BioSystems, 
Billerica, MA). The SearchLight Proteome Array is a quantitative multiplexed sandwich 
ELISA containing up to 12 different capture antibodies spotted on the bottom of a 96-
well polystyrene microtiter plate. Each antibody captures a specific protein present in 
the standards and samples added to the plate. The bound proteins are then detected 
with a biotinylated detection antibody, followed by the addition of streptavidin-horse-
radish peroxidase (HRP) and lastly, a chemiluminescent substrate. The luminescent sig-
nal produced from the HRP-catalyzed oxidation of the substrate is measured by imag-
ing the plate using the SearchLight Imaging System which is a cooled charge-coupled 
device (CCD) camera. The data is then analysed using SearchLight Array Analyst soft-
ware. The same spiked controls are distributed across individual plates and the amount 
of luminescent signal produced is proportional to the amount of each protein present in 
the original standard or sample. Concentrations are extrapolated off a standard curve.

Statistical Analysis
Results are presented as mean ± standard deviation (SD) when normally distributed 
and as median and interquartile range (IQR) when non-normally distributed. Compar-
isons of differences between groups were made by unpaired Student’s t-test, χ2-test or 
Mann-Whitney U testing when appropriate. The relation between known predictors 
of anemia or hemoglobin and cytokines was assessed with standard linear or logistic 
regression analysis using standardized values. Because of skewed distribution, creati-
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nine, NT-proBNP, Epo, sTNFR-1 and hsCRP were transformed to natural logarithmic 
transformation before entering them in a regression model. The variables age, creat-
inine, NT-proBNP, sTNFR-1, hsCRP , IL-6 and epo were assessed for their univariate 
association with hemoglobin or anemia. Other variables did not last trough the uni-
variate screen. Variables that showed a significant (p<0.10) univariate association were 
manually entered in a stepwise backward multivariate model based on the strength of 
their univariate association. Thus before progressing to the next step of the model the 
variable with the highest p-value was excluded from the model. Additional bootstrap 
analysis was performed to measure accuracy of the estimated model. Variables that 
showed a significant univariate association (p<0.10), were randomly selected for their 
multivariate association with either anemia or Hb. This cycle was repeated 1000 times 
and variables selected more than 700 times were assumed to be accurate selected vari-
ables.  
Univariate Cox proportional hazard regression models were used to estimate the haz-
ard ratio (HR) and 95% confidence interval (CI) associated with baseline hsCRP, IL-6, 
TNFR-1, anemia and death from any cause. Multivariate Cox regression analysis was 
performed to analyze predictors of all-cause mortality. Univariable significant (p<0.10) 
predictors (age, creatinine, sTNFR-1, hsCRP, Epo and Hemoglobin) were entered in a 
multivariate backward stepwise model based on their strength of univariate associa-
tion. Additionaly, interaction analysis of anemia, hb and cytokines was performed. 
Data were complete for hemoglobin and eGFR measurements. The following vari-
ables had data missing: IL-6 (patients with missing data n=24), sTNFR-1 (n=35), hsCRP 
(n=22), and NT-proBNP (n=16). All missing data were excluded for analyses. All tests 
were 2-tailed and a p-value<0.05 was considered statistically significant. All analyses 
were performed with STATA/IC for Windows version 11.0 (StataCorp LT, College Sta-
tion, TX).  

Results
Patient characteristics
Baseline characteristics of all 326 patients with values of both inflammatory factors and 
hemoglobin available at baseline are presented in Table 1. Baseline characteristics from 
the patients in COACH did not differ from the 326 subjects included in this subanaly-
sis (supplementary file, table 1).  Mean age was 71±11 years, 61% was male and mean 
left ventricular ejection fraction (LVEF) was 0.35±0.14. At discharge, 40% of patients 
(82 men, 48 women) were anemic. These patients were significantly older, had worse 
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Variable  Total  Non -Anemic  Anemic  p-value  
N 326  196  130   
Age (years)*  71 ± 11  70 ± 12  73 ± 11  0.021 
Female gender  127 (39%)  79 (40%)  48 (37%)  0.540 
LVEF (%)*  35 ± 14  34 ± 15  36 ± 14  0.112 
NYHA class III+IV (n/%)

 
159 (49%)

 
98 (50%)

 
61 (47%)

 
0.570

 
BMI kg/m2 *  26.8 ± 5.5  27.0 ± 5.2  26.4 ± 5.9  0.262 
Diabetes II (n/%)  62 (19%)  32 (16%)  30 (23%)  0.128 
History of hypertension  138 (42%)  83 (42%)  55 (42%)  0.994  
Medication at 
discharge (n/%)  

    

ACE inhibitor/ARB  257 (79%)  166 (85%)  91 (70%)  0.001 
Beta blocker  221 (68%)  138 (70%)  83 (64%)  0.214 
Diuretics  308 (95%)  188 (96%)  120 (92%)  0.162  
Routine laboratory at 
discharge  

    

Hemoglobin (g/dL)*  13.2 ± 2.0  14.4 ± 1.4  11.2 ± 1.0  N.a.  
Hematocrit (L/L)*  0.40 ± 0.06  0.44 ± 0.04  0.34 ± 0.03  <0.001 
Creatinine ( mol/L)  †  115 (90 -146)  109 (89 -136)  131 (97 -160)    0.001 
Blood urea nitrogen 
(mg/dL )* 

11.2 ± 5.8  10.6 ±5.8  12.1± 5.9  0.987 

eGFR (ml/min/1.73m2)  †  53.5 (39.4-67.3)
 

57.3 (42.1-71.1)
 

46.4 (33.8- 63.8)
 

  0.002 

NT -proBNP (pmol/dL)  †

 
2532 (1327-5552)

 
2227 (1113-4430)

 
3802 (1671-7507)

 
<0.001

 
Epo (U/L) †  10.8 (5.6 -17.4)

 
8.2 (4.3 -16.3)  

13.2 (9.4 -20.2)
 

<0.001
  

Inflammatory markers 
at discharge  

  
   

IL-6 (pg/ml) †  12.0 (7.1-25.5)
 

10.6 (5.9-23.2)
 

14.8 (9.3 -31.0)  0.002 
sTNFR -1 (mg/ml)  †  3.7 (2.1 -4.4)  3.3 (2.0 -3.9)  4.27 (2.4 -5,4)  0.002 
hsCRP (mg/L)  †  2.3 (0.9 -5.2)  2.0 (0.8 -4.6)  3.4 (1.3 -6.6)  0.001 

 

Table 1. Baseline characteristics of the total population

The presence of anemia was defined at baseline (hospital discharge); LVEF= Left ventricular ejec-
tion fraction; NYHA=New York Heart Association; BMI= Body mass index; ACE=angiotensin 
converting enzyme; ARB=Angiotensin receptor blocker; eGFR=estimated glomerular filtration 
rate; NT-proBNP=N-Terminal pro B-type Natriuretic Peptide; Epo=erythropoietin; IL=Interleu-
kin; sTNFR-1= soluble tumour necrosis factor receptor 1; hsCRP= high sensitive C-Reactive Pro-
tein; *mean ± sd; †median/IQR; P-value: anemic vs non-anemic .

renal function, and higher NT-proBNP levels (Table 1). During 18 months of follow up, 
49 (38%) patients died in the anemic cohort, compared to 46 (24%) in the non-anemic 
group (p=0.006 between anemic and non-anemic patients). 
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Circulating levels of cytokines
Baseline levels of IL-6, hsCRP and sTNFR-1 were significantly higher in anemic patients 
compared to non-anemic patients (Table 1). Logistic regression analysis was performed 
to study the relation between anemia and inflammatory cytokines(Table 2). Besides Epo 
(OR 1.47 per SD log ; 95CI:1.11-1.93; p=0.006), anemia was independently associated 
with sTNFR-1 (OR 1.62 per SD log ; 95%CI:1.24-2.11; p<0.001) and with hsCRP (OR 
1.58 per SD log  95%CI:1.09-2.29; p=0.016). Bootstrap analysis revealed these parameters 
were selected accurately (supplementary file, table 2). Also in multivariate linear regres-
sion analysis, sTNFR-1 (Beta 0.470 per log sTNFR-1; 95%CI: 0.291-0.680; p<0.001) and 
hsCRP (Beta 0.308 per SD log sTNFR-1; 95%CI: 0.023-0.550; p=0.033) were independent 
predictors of hemoglobin levels. 

Prognostic value of cytokines
As presented in Figure 1, increased levels of sTNFR-1, hsCRP and IL-6 are univariably 
associated with increased mortality. In a multivariable model, both Epo (HR 1.31 per log 
EPO; 95%CI:1.01-1.69; p=0.041), and sTFR-1 (HR 1.47 per log sTNFR-1; 95%CI:1.16-1.86; 
p=0.001) were independent predictors of mortality, whereas hemoglobin was only uni-
variate a predictor of mortality (table 3). A statistically significant interaction between 
the presence of anemia and the prognostic value of inflammatory cytokines could not 
be demonstrated.

Discussion
The present study shows an independent association between inflammatory fac-
tors and anemia in HF patients. Levels of hsCRP, sTNFR-1 and IL-6 are significantly 
higher in anemic HF patients compared to those without anemia. Second, increased 
levels of hsCRP and sTNFR-1 independently predict anemia and mortality in HF 
patients. sTNFR-1 was associated with an impaired survival, whereas anaemia was not.
In our study, anemia is present in 40% of patients, which is high compared with other 
HF studies in which anemia rates from 9.3% up to 42.6% are reported. 28-33]Since patients 
in the present study were included while hospitalised for HF, the higher prevalence of 
anemia might be explained by hemodilution.5, 34 However, laboratory measurements 
were taken just before discharge, when patients were already stabilized. Another ex-
planation for the presence of anemia in HF is an impaired renal function.35]Due to a 
decreased cardiac output, renal blood flow is decreased. Low renal perfusion may 
eventually lead to renal ischemia and finally this will lead to anemia due to decreased 
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Figure 1. Combined bar/line 
graphs representing levels of sT-
NFR-1 (Figure 1a), hsCRP (Figure 
1b) or IL-6 (Figure 1c), the percent-
age of anemic patients per quintile 
of sTNFR-1 (Figure 1a), hsCRP(-
Figure 1b) or IL-6 (figure 1c) and 
the univariate Hazard Ratio for all 
cause mortality per log sTNFR-1 
(Figure 1a), log hsCRP (Figure 2b) 
or log IL-6 (figure1c).
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Variable                  Univariable    Multivariable   
 

OR (95% CI)  
p -

value  
OR (95% CI)  

p -
value  

Age  1.31 (1.04-1.65)  0.022   
Creatinine*  1.52 (1.20-1.92)  <0.00 1   
NT - proBNP* 

1.53 (1.20-2.00)  0.001   
sTNFR - 1*  1.79 (1.39-2.29)  <0.001  1.62 (1.24 - 2.11)  <0.001  
hsCRP*  1.46 (1.10-1.93)  0.008 1.58 (1.09 - 2.29)  0.016  
Epo*  1.77 (1.38-2.27)  <0.001  1.47 (1.11 - 1.93)  0.006  
IL6  1.35 (1.10- 1.65)  0.004   
 

Table 2. Logistic regression analysis; independent predictors of anemia at baseline.

All covariates were measured at baseline (hospital discharge); *the odds ratios for creatinine 
hsCRP, Epo NT-proBNP and STNFR-1 refer to the odds per SD increase of the log transformed 
variable; NT-proBNP=N-Terminal pro B-type Natriuretic Peptide; sTNFR-1= soluble tumour ne-
crosis factor receptor 1; hsCRP=high sensitive C-reactive protein; Epo=Erythropoietin; IL6=Inter-
leukin 6.

Epo production. Other causes of decreased hemoglobin levels are a disturbed iron ho-
meostasis and elevated levels of circulating cytokines.17

Iron is crucial for the formation of hemoglobin and inflammation leads to a reduced 
absorption. Recent data indeed suggest that intravenous iron (bypassing intestinal up-
take) improves cardiac function.36 Furthermore, as we previously have shown, in pa-
tients with anemia the bone marrow becomes less sensitive to erythropoietin (EPO). Al-
though EPO levels are elevated in HF, it might be insufficient to overcome the reduced 
sensitivity of the bone marrow which might be related to inflammation.3

The association between anemia and inflammation in HF has been previously studied. 
Opasich et al. reported that patients with anemia and chronic HF had higher cytokine 
levels and that hemoglobin values were inversely related to IL-6 levels.4 In a study by 
Dunlay et al., TNF-α levels were measured in 486 patients with HF. They established an 
association with higher TNF-α and anemia.18 In another study, higher fibrinogen levels 
were found to be an independent predictor of anemia.19 However, these studies did 
not investigate a variety of inflammatory factors in a multivariate analysis nor did they 
study the prognostic value of elevated cytokines in anemic HF patients. In the pres-
ent study, we investigated several inflammatory factors which are known to influence 
haemoglobin levels negatively. For example, TNF-α and IL-6 are involved in processes 
concerning iron-homeostasis.17 Iron homeostatis is disturbed in heart failure patients 
and indeed recent data shows improved cardiac function after intravenous iron supple-
tion. TNF-α induces the synthesis of ferritin, thereby stimulating iron storage in macro-
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Variable                 Univariable   Multivariable 
 HR (95% CI)  p-value  HR (95% CI)  p-value  
Age  1.66 (1.32-2.10) <0.001 1.57 (1.20-2.05) 0.001 
Creatinine* 1.58 (1.33-1.89) <0.001   
NT-proBNP* 2.15 (1.71-2.71) <0.001 1.82 (1.36-2.45) <0.001 
sTNFR -1* 1.96 (1.61-2.40) <0.001 1.47 (1.16-1.86) 0.001 
hsCRP*  1.55 (1.16-2.07) 0.003   
IL6  1.27 (1.07-1.49) 0.005   
Epo* 1.53 (1.25-1.86) <0.001 1.31 (1.01-1.69) 0.041 
Hb* 0.77(0.61-0.91) 0.003   
 

Table 3. Hazard Ratios (95% CI) for all cause mortality

All covariates were measured at baseline (hospital discharge); *the hazard ratios for sTNFR-1, 
creatinine, hsCRP, Epo, Hb and NT-proBNP refer to increase of the log transformed variable; sTN-
FR-1=soluble Tumour Necrosis Factor Receptor 1; NT-proBNP=N-Terminal pro B-type Natriuretic 
Peptide; IL6=Interleukin 6.

phages and it also blocks the release of iron from these cells. Although evidence exists 
that TNF-α is responsible for negative hematopoietic effects and apoptosis, the effects 
are mediated by its receptor, sTNFR-1.37 Moreover, this TNF-α receptor has been prov-
en to be prognostic in chronic HF patients, although its relation with anemia in these 
patients has not been described before.38 IL-6 stimulates hepcidin expression, a protein 
that inhibits duodenal iron absorption. 
Pro-inflammatory cytokines are also involved in the suppression of erythropoiesis in 
the bone marrow. TNF-α is associated with impairment of the proliferation and differ-
entiation of erythroid progenitor cells, possibly by the induction of apoptotic cell death 
via sTNFR-1 and by stimulating free radical formation which has a toxic effect on eryth-
roid precursor cells.16, 17, 39, 40 More Epo is therefore needed in order to reach the same 
level of erythrocytes, but despite the higher Epo levels often seen in anemic HF patients, 
they are still insufficient for the hemoglobin level.3, 13 An inadequate production of Epo 
might also be caused by increased levels of TNF-α, which have a direct negative effect 
on Epo gene transcription and can also damage Epo-producing cells in the kidney.17 We 
recently described that 80% of anemic HF patients had Epo levels lower than expected 
on the basis of their hemoglobin compared to 30% in the non-anemic group.13 However, 
we acknowledge that both pro-inflammatory cytokines and renal function may influ-
ence Epo production. Since pro-inflammatory cytokines have multiple effects the exact 
contribution of each factor is difficult to discern.  Both anaemia and inflammatory cyto-
kines have a deleterious effect on prognosis, although a significant interaction could not 
be demonstrated. We therefore cannot postulate a causal relationship between anemia 
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and inflammatory cytokines. 
Several limitations of the present study have to be mentioned. This is a retrospective 
analysis of a large cohort of HF patients of whom 40% are anemic. Unfortunately, he-
matinic parameters and hemodilution are not measured to further elucidate the cause 
of anemia in these patients. Furthermore, we could not show a significant interaction 
between inflammatory cytokines and anemia, Inflammatory factors are only assessed at 
hospital discharge and no further information is available regarding other underlying 
diseases which are known to increase cytokines (e.g. malignancies, infections or auto-
immune diseases). 
In summary, anemia is present in 40% of patients hospitalized for HF and is inde-
pendently associated with inflammation. Inflammation and EPO levels are inde-
pendently associated with outcome.
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Supplemental information

Variable  Original cohort  Substudy cohort  

N 1023  326  
Age (years)*  71 ± 11  71 ± 11  
Female gender  389 (38%)  127 (39%)  
LVEF (%)*  34 ±  14 35 ± 14  
NYHA class III+IV (n/%)  522(51 %)  159 (49%)  
BMI kg/m 2 * 27 ± 5  27 ± 6  
Diabetes II (n/%)  187 (18 % ) 62 (19%)  
History of hypertension  439 (43%)  138 (42%)   

Medication at discharge (n/%)

 

 

 
ACE inhibitor/ARB  847(83%)  257 (79%)  
Beta blocker  677(66%)  221 (68%)  
Diuretics  980(95%)  308 ( 95%)   
Routine laboratory at 

 

 

 Hemoglobin (g/dL)*  13.2 ± 1.9  13.2 ± 2.0  
NT -proBNP (pmol/dL)  † 2521 (1293 – 5548)  2532 (1327 -5552)  

 

discharge

Table 1. Comparison original cohort versus substudy cohort.

The presence of anemia was defined at baseline (hospital discharge); LVEF= Left ventricular 
ejection fraction; NYHA=New York Heart Association; BMI= Body mass index; ACE=angiotensin 
converting enzyme; ARB=Angiotensin receptor blocker; NT-proBNP=N-Terminal pro B-type 
Natriuretic Peptide; *mean ± sd; †median/IQR.

Variable                   Bootstrap analysis  

 Times selected  

Age  186  

Creatinine*  298  

NT -proBNP*  117  

sTNFR -1* 761  

hsCRP*  788  

Epo*  889  

 

Table 2. Bootstrap analysis referring table 1
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Variable                 Univa riable   Multivariable  

 Beta (95%CI)  p-value  Beta (95% CI)  p-value  

Age  0.450 (0.236 -0.664)  <0.001  0.275  (0.0 66–0.4 85) 0.01 0 

Creatinine*  0.351 (0.134 -0.569)  <0.001    

Diabetes II   0.255 (0.474 -0.035)  0.023    

NT -proBNP*  0.467 (0.246 –0.688)  0.002    

sTN FR -1* 0.670 (0.456 –0.884)  <0.001  0.470 (0.2 91-0.68 0) <0.001  

hsCRP*  O.359 (0.129 –O.580)  0.001  0.306 (0.0 23–0.5 50) 0.03 3 

Epo*  O.720 (O.512 –0.927)  <0.001  0.50 7 (0.291 –0.724)  <0.001  

 

Table 3. Logistic regression analysis; independent predictors of heamoglobin at 
baseline.

All covariates were measured at baseline (hospital discharge); the beta’s for hsCRP, Epo and 
STNFR-1 refer to the beta per SD increase of the log transformed variable; NTproBNP=N-
Terminal pro B-type Natriuretic Peptide; sTNFR-1= soluble tumour necrosis factor receptor 1; 
hsCRP=high sensitive C-reactive protein; Epo=Erythropoietin.
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